Abstract-In order to solve the fault feature redundancy problem in analog circuit fault diagnosis, a method of fault diagnosis is presented in this paper. This approach using the method of wavelet decomposition and fuzzy clustering on the fault signals to obtain test matrix; then inputted the test matrix into the neural network for fault diagnosis. The approach are combined the chaotic motion's ergodic, randomness and sensitive of the initial value to optimize the neural network for making the network have a better learning ability and have a more faster convergence speed to improve the efficiency of fault diagnosis. The simulation results verify the effectiveness of this approach.
II. FAILURE FEATURE EXTRACTION BY WAVELET DECOMPOSITION AND FUZZY CLUSTERING
If using the fault information directly obtained from circuit which was contained a large amount of redundant information and noise would cause larger computation and affect the diagnosis result. Wavelet decomposition was a common method of signal processing and widely used in field of signal processing. It could decompose a time signal into an approximation sequence and a detail sequence for further analysis and processing. Figure I was the fault signal wave which was reconstructed by coefficient of the wavelet and it could reflect fault information on better. So the coefficient of the wavelet could be used as the input of neural network as the fault feature.
FIGURE I. THE WAVELET RECONSTRUCTION WAVEFORM
High-level of wavelet decomposition would lost fault information and low-level of wavelet could save the fault information but it would cause large dimension of fault information to increase the input of neural network. Fuzzy cluster was using mathematical method to studies the relationship of the sample and could classify the fault feature for reducing the dimension of the fault data with keeping the original of the fault data information complete on better [5] [6] .
Set the original data matrix as shown in (1): 
c was referred to as the parameter that properly chosen to make 0< ij r <1 in the formula, 1 m x }..As that these data were in the same classification represent they had high degree of similarity and could be merged into the one. With this approach you could extract the appropriate data in large fault information and without reducing too much original fault information.
III. CHAOTIC NEURAL NETWORK

A. Chaotic Algorithm
Chaos was a periodic phenomenon in deterministic non-linear dynamic system. Using pseudorandomness and ergodicity of chaotic variables to improve the global search function of neural network. Chaotic variables were generated by chaotic equation. Giving a initial value to the chaotic equation, it would produces a set of random sequence with ergodicity and pseudo-randomness through iteration. Logistic equation was generally selected to generate chaotic sequence and it was a typical one-dimensional chaotic mapping as shown in (5): According to the characteristic of logistic mapping the initial information was gradually lost as the increase of iteration times, so this would leads to long-term unpredictability of chaos.
B. Chaotic Neural Network Constructed by Chaotic Neuron
There were "internal method" and "external method" to use the method of chaotic optimization neural network. The "internal method" was change parameters of neurons and made the network show chaotic dynamical behavior. This paper proposed an "internal method" based on chaos and neural network in using chaotic algorithm construct chaotic neuron. The figure III was the structure of chaotic neuron.
The chaotic neuron different form normal neuron was that the sum area of normal neuron was divided into three parts: A, B, C. The core of study in neural network was the adjustment of weights. The part A was chaotic part and its value were neither derived from iteration nor affected by external input and made the weights of neuron in state of chaos. Part b was the sum of other neurons to this neuron and it represent the influence of other neurons in this neuron. Part C was the sum of part A and part B. figure IV was BP network based on chaotic neuron. It changes the hidden layer neurons into chaotic neurons. Because that part of the neuron was chaotic sequences which generated by logistic mapping iterative so the hidden layer would be in chaotic and it equivalent to introduce a chaotic noise to make hidden layer in dynamic.
As neural network input/output relationship was shown in (6) and (7). In (6) and (7), m was the number of neurons in hidden layer, n stand for the number of neurons in output layer , 
IV. SIMULATION AND ANALYSIS
In order to verify the method introduced in this article it conduct simulation by using MATLAB software. Taking Sall-key band-pass filter shown in figure V as example to introduce the analog circuit fault diagnosis in this article. The values of circuit elements in circuit was shown in figure V and the tolerance of resistor and capacitor was 5%. The fault condition could be the response of circuit that when one component above or below normal value and other component was in norm. ↑represent the component deviates from its normal value from +50%,↓represent the component deviates from its normal value from -50%. So there were 9 failure mode listed in the table I.
The AC 2v was sent to the circuit and 50 times Monte Carlo analysis was conducted, then data sampled at the output. The wavelet analysis and data processing was made based on the sampled data and extract the reconstructed signal after the process of normalization. Finally the data were further analyzed using fuzzy cluster analysis to got 450 groups of fault samples. Part of the fault samples as shown in table II. 360 groups of samples in the 450 as training data and the remained sample to do as test data. Part of the test samples as shown in table III. Structuring a normal neural network and a chaotic neural network which the constriction of neural network shown in table IV. 
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The neural network was trained through the input fault samples. The convergence of training were shown in figure VI and figure VII.
The statistical result of training were shown in table 4. According to table 4 the convergence steps of normal neural network was more than 1000 but the convergence steps of chaotic neural network was 324. Using chaotic neural network improve the speed of fault diagnosis.
In order to precision of diagnosis of chaotic neural network the test samples were inputted in the neural network for testing and the result were shown in table V. V. CONCLUSION A method of analog circuit fault diagnosis based on chaotic neural network was presented in this paper. This approach use the method of wavelet decomposition and fuzzy clustering on the response of each mode about circuit to reduce the dimension of input. Improve global searching performance of neural network by using the chaotic characteristic of chaotic neuron and had a faster convergence speed to solve the problem which convergence was too slow and avoid minimum value in the normal neural network. The simulation results show that the chaotic neural network had faster rate of convergence and a better diagnosis effect than normal neural network.
